Introduction
Hematoma drainage surgery is generally performed in elderly patients with hypertensive or traumatic intracerebral hemorrhage，even in chronic subdural hematoma [1] [2] [3] [4] . The original device was widely used in the hematoma drainage surgery treatment technique. However, it has some limitations in usage, which can be classified as follows: (1) the sealing problem of the open-end caused by an occasional but significant blood clot and the inability of the tube to completely draw fluid from the deepest site; (2) improper overlapping of the holes because of the porous design of the device, which can occasionally lead to unfavorable blood clot;
(3) the random location of holes in the barrel, which hinders the prediction of the direction of the drawing of blood; and (4) the holes that are easily blocked by blood clot. To avoid the occasional clotting, stereotaxic drainage should be performed at the deepest part of the lesion.
Methods
To solve hematoma drainage problems, we designed a new intracranial hematoma drainage tube with an open-end. It is made of the commonly used highpolymer medical material as component. The drainage tube is composed of a plunger and barrel. The front of the bullet-shaped plunger has a cover. Small holes were made at the sidewall of the barrel to allow for exchange of fluid between the inner and outer cavities. The front of the barrel has a small channel that functions as a link between the inner and outer cavities. The plunger is extended from the rear into the middle cavity of the barrel, and part of it is further extended out from the open-end. The sidewall of the barrel will have function of exchanging substance between the opening holes (Figures 1a-c and 2a-c) .
The drainage tube is inserted at the site of the hemorrhage, and the plunger is slightly pulled out. After the channels are opened, the negative pressure will draw out all the fluid from the area. If blood clots block the channels, the barrel is removed and inserted again.
Each pair of holes in the barrel will be placed over lapping each other on the horizontal line. The ratio of the overlap is around 1/3-1/2. By placing each hole in this position, the direction of the bloodstream is controlled. Only in the right position will different pressure form, which leads to smooth flow of blood, without the hole being blocked easily (Figure 3a-e) .
The rear of the plunger has a rod. In this way, the plunger does not have to be too long and extend out of the barrel. The plunger rod plays a role in fixation by moving in and out of the plunger. Moreover, it can be used for holding, which makes the operation more convenient and stable.
A scale was placed along the sidewall of the barrel.
Each unit is marked 1 cmap art, and a longer scale is marked with dots labeled 5, 10, and 15 cm in order to easily identify the depth while using the instrument, for better accuracy and safety (Figure 4a-c) . 
Results
The drainage tubes are currently commonly used in clinical approaches. Their advantages include the following: (1) The plunger tip is extended out of the barrel and inserted in the cavity. Owing to the plunger fitted in the opening of the channel of the barrel, the barrel can be closed tightly. Insertion of the device in the barrel has reduced the medical effects and the risks of nerve injuries, as the brain tissue can be separated with in the small operation area. The plunger rod is located at the rear of the plunger, making it easy to perform the drainage procedure (Figures 5a-e and 6a-d) . 
Discussion
Intracranial hematoma puncture drainage could not immediately remove the entire hematoma [5, 6] . In order to increase the rate of success of removing the hematoma, improving the clearance rate becomes an important key in achieving the operation goal [7, 8] . Thus, we redesigned the device for a higher clearance rate of removing hematomas. The steps are as follows: Stereotaxic drainage is performed from the open-end, at the deepest part of lesion, to remove fluid smoothly and more efficiently. The overlapping of each hole on the sidewall of the barrel prevents blood clots from blocking the barrel. The aforementioned steps can also be combined with the following steps, at the same time: 1 As the device is heavy, it should be passed through the middle cavity of the hematoma and placed far from the bottom, at around 1 cm. The tube will be used to remove the fluid at the lowest part first and the higher part last. In this way, the hematoma can be removed as much as possible in the shortest time possible. 2 When the condition is suitable, a single hematoma cavity can be injected with urokinase for anticoagulation [9] .
In summary, our design of the open-end drainage tube for intracranial hematoma can be used for removing hemorrhage in the cerebral cavity. The elimination rate is high and the risk and complication during operation is low. It is favorable for nerve and tissue remodeling and repair because it is easy to manipulate even if the operation area is small. It is low-cost and suitable for use in general hospitals [10] .
